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DISPENSING SYSTEMS WITH IMPROVED
SENSING CAPABILITIES

CROSS REFERENCE TO RELATED
APPLICATIONS

Not applicable

REFERENCE REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable
SEQUENTIAL LISTING

Not applicable

BACKGROUND OF THE INVENTION

1. Field of the Background

The present disclosure relates to dispensing systems hav-
ing improved sensing capabilities.

2. Description of the Background

Diffusion devices or dispensers are used to dispense vola-
tile materials, such as fragrances, deodorants, insecticides,
insect repellants, and the like from one or more containers.
Many of these dispensers are active dispensers, which may
include fans and/or heaters to aid in the dispersal of volatile
materials. Other dispensers actuate a valve stem of an aerosol
container to dispense a volatile material contained therein, or
utilize an ultrasonic transducer to break up a liquid volatile
material into droplets that are ejected from the dispenser. Yet
other dispensers include any combination of the above or any
other known type of active diffusion device.

Traditionally, these active dispensers are standalone
devices that release product into a space in response to
manual input, a lapsing of a timed interval, or sensory input,
e.g., spraying an air freshener within a room or a pest control
device within a barn. These dispensers are generally kept “out
of'sight” of users by placing them in areas of'a room or space
that are utilized less frequently by users or that provide the
ability to “hide” or otherwise diminish the impact of the
dispenser on the room or space in which it is located. In these
circumstances, the placement of the dispensers in sub-opti-
mal areas of a room or space causes the dispensers to be less
effectual in terms of their ability to effectively disperse a
volatile material into the room or space.

Further, many of these prior art dispensers utilize sensors to
initiate various pre-programmed or user initiated operational
sequences, as well as to provide instant dispensing upon the
detection of sensory input. In these prior art dispensers a
sensor with a single sensing capability, e.g., sensing whether
a level of light is diminished within a certain period of time
over a certain distance that is indicative of motion, is used
regardless of whether the dispenser is placed in a bathroom or
an auditorium. As such, the sensors may not always effi-
ciently sense the presence of people in the desired space. For
example, if a dispenser with a sensor having the capability of
detecting input at a distance of 20 ft is placed in a typical
in-home bathroom, the dispenser may incorrectly detect the
presence of a user passing the dispenser outside of the bath-
room, which may result in an inadvertent activation of the
dispenser. Conversely, if a dispenser utilizing a sensor with a
sensing range of 5 ft is used in a large room, the sensor may
not effectively detect the presence of a user in the room,
unless the user happened to pass in close proximity to the
dispenser. Accordingly, these prior art dispensers do not
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2

include sensors that are efficiently and/or optimally respon-
sive to the environment in which they are located or according
to user preferences.

Presently there is a need for dispensers that are intended to
be left in “plain view” of a user and otherwise positioned
prominently within a room or space, i.e., not hidden or oth-
erwise intentionally obstructed. Further, there is a need for
dispensing systems that include efficient sensors, which pro-
vide for improved sensing capabilities. Additionally, the
sensing systems should be efficient and in some cases capable
of' being adjusted in response to the space they are located in
and according to user preferences. As such, it is an object of
the present disclosure to address the disadvantages of the
prior art and to fulfill this unmet need.

SUMMARY OF THE INVENTION

According to one embodiment, a dispensing system
includes a dispenser, at least one sensor, and a shroud includ-
ing at least one aperture. A virtual shield is provided between
the sensor and the shroud to reduce background noise.

According to another embodiment, a dispensing system
includes a dispenser having at least one sensor. A shroud
includes at least one aperture spaced from the at least one
sensor. An aperture performance factor S, is defined by the
ratio S ,=S¢/S;-and S =<1.

According to a different embodiment, a dispensing system
includes a dispenser, at least one sensor, and a shroud includ-
ing at least one aperture. The shroud is light reflective and
includes a colorant that provides a reduction in background
noise of at least 10% when compared to the omission of the
shroud.

Other aspects and advantages will become apparent upon
consideration of the following detailed description and the
attached drawings, in which like elements are assigned like
reference numerals.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a dispensing sys-
tem;

FIGS. 2A-D are schematic representations of the dispens-
ing system of FIG. 1 utilizing various dispensers;

FIG. 3 is a schematic view of a sensor having a field of
view,

FIG. 4 is a schematic, partial sectional view of a sensor and
lens with a field of view;

FIG. 4A is an alternative embodiment of the sensor of FIG.
4 with a modified field of view;

FIG. 5 is a schematic, partial sectional view of a sensor
similar to those described in FIGS. 3, 4, and 4A shown with a
virtual shield;

FIGS. 6-17 illustrate schematic, partial sectional views of
sensors within the dispensing system of FIG. 1;

FIG. 18 is a flowchart that illustrates a testing method for
determining improvements to the sensing capabilities of a
dispensing system;

FIGS. 19-21 are charts that illustrate the results obtained
from the test shown in FIG. 18;

FIGS. 22 and 23 are charts illustrating the results obtained
from the test of FIG. 18 normalized for color impact;

FIG. 24 is a front elevational view of an exemplary embodi-
ment of a dispensing system;

FIG. 25 is a schematic representation of the dispensing
system of FIG. 24;

FIG. 26 is a front isometric view of a dispenser for use in
the dispensing system of FIG. 24;
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FIG. 27 is a cross-sectional view taken along the line 27-27
of FIG. 24; and
FIG. 28 is an enlarged, partial cross-sectional view of FIG.
27.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 generally depicts a dispensing system 100. The
dispensing system 100 includes a dispenser 102 disposed
within a shroud or housing 104. The dispenser 102 includes a
controller 106, a power source 108, one or more sensors 110,
and an actuation or dispensing mechanism 112. The dispenser
102 may also include one or more input devices 114 such as
switches, dials, keypads, pushbuttons, etc. An example of an
input device 114 may be a switch, which allows the user to
turn on the dispenser 102 and/or a pushbutton, which allows
the user to initiate a dispense mode to release product from
one or more containers 120 (see FIGS. 2A-2D). The power
source 108 supplies power to the controller 106 and to other
components. The controller 106 is further coupled to the other
components and executes programming to control the opera-
tion thereof. The power source 108 may include one or more
plugs for insertion into a conventional electrical outlet or a
corded plug. Additionally, or alternatively, the power source
108 may be an internal power source such as one or more
batteries.

The dispenser 102 is configured to discharge product from
one or more containers upon the occurrence of a particular
condition. The condition could be the manual activation of the
dispenser or the automatic activation of the dispenser 102 in
response to an elapsed time interval or signal from the sensor
110. The product may include a fragrance, deodorizer, insec-
ticide, insect repellent, or other product, product formulation,
or volatile material. For example, the fluid may comprise
OUST®, an air and carpet sanitizer for household, commer-
cial, and institutional use, or GLADE®, a household deodor-
ant, both sold by S. C. Johnson and Son, Inc., of Racine, Wis.
The fluid may also comprise other actives, such as sanitizers,
air and/or fabric fresheners, cleaners, odor eliminators, mold
or mildew inhibitors, insect repellents, and the like, or that
have aroma-therapeutic properties. The dispenser 102 is
therefore adapted to dispense any number of different prod-
ucts. In embodiments that utilize more than one container, the
fluid or product within the containers may be the same, simi-
lar, or different.

The sensor 110 in the present embodiment may be a pho-
tocell light sensor or phototransistor. In one embodiment,
changes in the detected level of light by the sensor may be
construed as detected motion. The sensor may be the sensor
described in Carpenter et al. U.S. patent application Ser. No.
11/725,402. However, any other type of detector or sensor
may be utilized for detecting sensory input, e.g., a passive
infrared or pyroelectric motion sensor, an infrared reflective
motion sensor, an ultrasonic motion sensor, or a radar or
microwave radio motion sensor. In some embodiments more
than one sensor 110 may be used. It is anticipated that utili-
zation of the sensor 110 (or multiple sensors) will allow for
the detection of sensory input, which may be utilized to
provide one or more of the powering on or off of the system,
the initiation of a pre-programmed timed sequence of dis-
pensing, the initiation of a sequence that comprises one or
more dispensing periods between one or more non-dispens-
ing periods, the initiation of a sequence that includes a con-
tinual dispensing sequence, the initiation of an immediate
dispensing of a product, the initiation of the dispensing of a
product after a specified or non-specified delay, the initiation
of'a dispensing sequence characterized by dispensing a prod-
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uct in response to one or more of a timed interval, sensory
input, or manual actuation after the initial detection of sen-
sory input, and the initiation of one or more previously noted
actions in connection with a system having a single container,
two containers, three containers, or any other number of
additional containers 120.

FIGS. 2A-D illustrate various embodiments of dispensers
for use in the dispensing system 100. Referring now to FIG.
2A, in one embodiment the dispenser 102A is a conventional
electronic dispenser that utilizes one or more actuation
mechanisms 112 to spray product from a container 120 such
as an aerosol container, whether metered or non-metered, and
pump-type sprayers, whether pre-compression or non pre-
compression pump-type sprayers. Conventional actuation
mechanisms may include, but are not limited to, mechani-
cally driven means, such as armatures, levers, linkages, cams,
etc., that depress, tilt, or otherwise activate a valve stem or
pump of a container by direct interaction with the valve stem
or pump, through indirect communication with the valve stem
or pump, and/or through physical interaction with the con-
tainer, i.e., lifting, pushing, tilting, lowering, or otherwise
deflecting the container to effect the depression or tilting of
the valve stem or pump. It is also contemplated that solenoid
actuators, bi-metallic actuators, muscle wire actuators, piezo
actuators, or any other means may be utilized to effect spray-
ing of an aerosol or pump-type container. Further, it is also
contemplated that other dispensing and actuation mecha-
nisms 112 may be utilized, such as those used in connection
with nebulizers or venturi sprayers. Still further, the dispenser
102A may include a second actuation mechanism 112 to
dispense product from a second container 120. The dispenser
102A may utilize a product or fluid provided within a con-
tainer or reservoir 120 that is pressurized or non-pressurized.
The sensor 110 is disposed about a perimeter of ahousing 140
of the dispenser 102A to provide a sensory field of view. In
one embodiment two sensors are provided, in a different
embodiment three sensors are provided, in yet a different
embodiment four sensors are provided, in still a further
embodiment five sensors are provided. It is contemplated that
any number of sensors 110 may be used with the dispenser
102A.

In a different embodiment illustrated in FIG. 2B, the illus-
trated dispenser 102B is a conventional oil or product dif-
fuser. It is contemplated that the dispensing or diffusing of a
product from the container 120 may be realized by one or
more dispensing mechanisms 112 such as activation means
that include heating a container, heating a wick extending
from or into the container, heating an area adjacent a wick
and/or container, running a fan adjacent an aperture of a
container or a wick extending from a container, running a fan
within a housing to assist in dispersal of a product, activating
a piezo-electric plate adjacent a wick to volatize a fluid
thereon, opening a window or otherwise removing an
obstruction from an aperture to assist in the dispersal or
diffusion of product from the dispenser 102B, or any other
known means for diffusing. Further, the dispenser 102B may
be adapted to include a second activation means 112 to dis-
pense or diffuse product from a second container or reservoir
120. The sensor 110 is disposed about a perimeter of a hous-
ing 150 of the dispenser 102B to provide a sensory field of
view. In one embodiment two sensors are provided, in a
different embodiment three sensors are provided, in yet a
different embodiment four sensors are provides, in still a
further embodiment five sensors are provided. It is contem-
plated that any number of sensors 110 may be used with the
dispenser 102B.
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FIG. 2C illustrates a further embodiment of a dispenser
102C that has a dispensing mechanism 112 such as a conven-
tional diffuser that utilizes a cartridge or reservoir 120 that
holds one or more of a product, volatile, or active laden gel or
liquid. Alternatively, the diftuser 102C may include two car-
tridges or reservoirs 120, three cartridges or reservoirs, or any
number of additional cartridges or reservoirs. It is contem-
plated that diffusion may be realized by one or more dispens-
ing mechanisms 112 having activation means that provide for
one or more of heating a cartridge or reservoir, heating an area
adjacent a cartridge or reservoir, running a fan adjacent an
aperture or vapor permeable membrane of a cartridge or
reservoir, running a fan within a housing to assist in dispersal
of a product, rotating or otherwise moving a cartridge or
reservoir, opening a window or otherwise removing an
obstruction from an aperture or opening to assist in the dis-
persal of product from the housing, or any other known means
of diffusing. The sensor 110 is disposed about a perimeter of
ahousing 160 of the dispenser 102C to provide a sensory field
of view. In one embodiment two sensors are provided, in a
different embodiment three sensors are provided, in yet a
different embodiment four sensors are provides, in still a
further embodiment five sensors are provided. It is contem-
plated that any number of sensors 110 may be used with the
dispenser 102C.

In still another embodiment, shown in FIG. 2D, a dispenser
102D is a system that includes one or more candles, fragrance
blocks, wax melts, or products 120, whether solid or gel, that
allow for the diffusion of an active or volatile through the
melting thereof (hereinafter referred to collectively as
“candles”), provided within a housing 170 or on a base. The
housing 170 may include one or more candles, e.g., two
candles, three candles, four candles, five candles, or any
additional number of candles. The sensor 110 is disposed
about a perimeter of the housing 170 of the dispenser 102D to
provide a sensory field of view. In one embodiment two
sensors are provided, in a different embodiment three sensors
are provided, in yet a different embodiment four sensors are
provides, in still a further embodiment five sensors are pro-
vided. It is contemplated that any number of sensors 110 may
beused with the dispenser 102D. The one or more sensors 110
allow for the detection of sensory input, which may be uti-
lized to provide the powering on or off of the dispensing
mechanism 112, which in the present embodiment comprises
one or more heater(s).

Any of the dispensers 102, 102A-D (hereinafter collec-
tively referred to as 102) discussed above may be enclosed
within a shroud or housing 104, to create a more aesthetically
pleasing dispensing system 100, which a user will leave in
“plain view” and otherwise positioned prominently within a
room or space, i.e., not hidden or otherwise intentionally
obstructed. By placing the dispensing system 100 in plain
view, the sensor or sensors 110 (hereinafter individually and
collectively referred to as 110) of the dispensing system 100
will be more effective at sensing the presence of persons,
objects, or an environmental condition within the space, i.e.,
the sensing capabilities of the sensor will be improved. The
shroud 104 may be constructed from any suitable material,
such as plastic, metal, glass, or combinations thereof. Addi-
tionally, the materials may include combinations of manufac-
tured, natural, and recycled or reclaimed materials. The
shroud 104 may be any shape or any color known to those
skilled in the art. In some cases, the materials selected to
construct the shroud 104 are configured to approximate natu-
rally occurring substances, such as wood, stone, paper, or
rock, or combinations thereof.
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As shown in FIG. 3, the sensor 110 is disposed on or
adjacent to a perimeter of the dispenser 102, or otherwise
within the dispenser 102. The sensor 110 has a field of view
characterized as a right circular cone having a half angle ¢ off
a center axis X thereof, which provides for a total viewing
angle or sensory field of view of 2@. It is contemplated that
any sensor that detects light along any portion of the visible or
non-visible spectrum may be characterized as having such a
viewing angle or sensory field of view. In certain instances,
various industry standards or optimal viewing angles will be
ascribed to various sensors, which are contemplated to be
synonymous with the above noted description. Further, to the
extent that such an industry standard does not exist (or that it
conforms to the below noted definition), the viewing angle
shall be defined as to where the sensitivity drops to 50% ofthe
on axis sensitivity. In one particular non-exclusive embodi-
ment, the sensor 110 is a photodiode that includes a viewing
angle & of about 10 degrees and a sensory field of view 20 of
about 20 degrees. The sensitivity of the photodiode drops to
50% of'the on X axis sensitivity at about 10 degrees off the X
axis. In other embodiments, the sensory field of view 20 is
between about 10 degrees to about 180 degrees, more pref-
erably between about 10 degrees to about 90 degrees, and
most preferably between about 10 degrees to about 45
degrees.

The sensor 110 has the ability to detect sensory input over
a distance S1, in which the sensor is effective in detecting the
sensory input or a change therein. For example, the sensory
input may be a detected level of light or any change therein
when utilizing a photodiode. A change in the detected level of
light may be dependent on a period of time in which the level
of' light was collected or independent of any temporal restric-
tion. In one embodiment, a detected change in light intensity
within a time period P is indicative of motion, whereas a
change in light intensity less than or greater than P is not.

Itis understood that either one or more of the sensor(s) 110
or controller 106 may process any sensory input. The
intended processing in either the sensor 110 or controller 106
is applicable to all embodiments disclosed herein, regardless
of how initially characterized.

The sensing efficiency of the sensor 110 over the sensing
distance S1 is dependent on the ratio between the signal
strength of the sensory input and any detected background
noise 200, i.e., sensory input outside the field of view 2( that
reaches the sensor 110. In the present embodiment, the back-
ground noise 200 would comprise light outside the field of
view 2. As the amount of background noise 200 reaching the
sensor 110 is reduced, the sensing capabilities of the sensor
will improve and the sensor will be able to detect sensory
input at a greater sensing distance S1 away from the sensor. In
connection with the present embodiment, by decreasing the
amount oflight reaching the sensor 110 outside of the optimal
field of view 20, the sensing capabilities of the sensor 110
will be improved to better detect sensory input, i.e., motion.

Referring to FIG. 4, a lens cover 220 such as a cylindrical
tube or housing may be disposed around the sensor 110. Inthe
present embodiment, the lens cover 220 protrudes a distance
L from a front focal point 222 of the sensory field of view of
the sensor 110. The lens cover 220 operates as a sensory
shield to reduce and/or prevent interference with the sensor
110 by reducing and/or preventing background noise 200
from reaching the sensor. Further, with reference to FIG. 4A,
an alternative embodiment is shown in which the length L of
the lens cover 220 extends beyond the sensor 110 to a point
where the sensory field of view is reduced to <20, thereby
restricting the field of view of the sensor 110 to alter the
sensing capabilities of the sensor.
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Turning to FIG. 5, the sensor 110 depicted in FIGS. 3, 4
(with a lens cover 220), and/or 4A (with a lens cover 220 and
restricted view) may be used in conjunction with a shroud or
housing 104. The shroud 104 of the present embodiments
assists in the creation of a virtual shield 300 between the
shroud 104 and the sensor 110 to reduce background noise.
More specifically, the virtual shield 300 is provided in a space
or gap between a distal or input end, i.e., the focal point 222,
ofthe sensor 110 and an inner side 304 of a sidewall 306 of the
shroud 104. With reference to FIG. 5, it may be seen that the
inner side 304 of the shroud 104 is coincident with at least one
aperture 320. The aperture 320 of the present embodiment is
shown as devoid of any material, i.e., an opening, but it is
contemplated that the aperture could include a glass, or plas-
tic, or other light transmissive material extending thereacross.
Preferably, the central or center axis X of the sensor 110
extends through a portion of the aperture 320. In one preferred
embodiment, a center C of the aperture 320 is aligned with the
axis X. The virtual shield 300 provides for an increase in the
sensing capabilities of the dispenser 102 by filtering out back-
ground noise that would otherwise reach the sensor 110. In
connection with the present embodiment, background light
noise is diminished through use of the virtual shield 300 to
increase the sensing capabilities of the sensor 110. Further,
placement of the dispenser 102 within the shroud 104 will
encourage users to leave the dispensing system 100 in plain
sight, thereby increasing the efficiency of the sensor 110 in
yet another way.

Referring still to FIG. 5, the dispenser 102 and the sensor
110 are shown disposed adjacent to a shroud 104. While the
shroud 104 is illustrated as a partial sectional view of a side-
wall, the shroud 104 may comprise any structure that effects
some form of reduction in sensory input background noise. In
one embodiment, the shroud 104 comprises a discrete wall
portion adjacent the sensor 110. In other embodiments, the
shroud 104 partially or completely circumscribes the dis-
penser 102 within the shroud.

The sensor 110 is disposed within the shroud 104 at a
distance h measured along the center axis X from the inner
side 304 of the shroud 104 to a front focal point 222 of the
field of view 20 of the sensor 110. Thus, in this embodiment,
the virtual shield 300 created by the shroud 104 is equal to the
distance h. In the embodiments that utilize lenses such as
those shown in FIGS. 4 and 4A, the virtual shield 300 would
have a distance of h-L. The aperture 320 is provided in the
sidewall 306 of the shroud 104 to allow the sensor 110 to
detect sensory input outside of the dispensing system 100.
The size of the aperture 320 is preferably large enough to not
significantly impede the sensor’s 110 field of view while not
being too large that excessive background noise is able to
reach the sensor. In one embodiment, the aperture 320 is
circular in shape and has its center C on the center axis X of
the sensor 110. In this embodiment, the preferred diameter D
of the aperture 320 is dependent on the distance the sensor
110 is from the aperture and the viewing angle @. The equa-
tion for determining the diameter D of the aperture is:

D=2(k*(tan @)

By sizing the diameter D of the aperture 320 in this manner,
increased efficiencies may be realized within the dispensing
system 100 through the elimination of sensory input back-
ground noise that would otherwise be received through a
wider aperture. In the present embodiment the aperture 320 is
a circle that is perpendicular to the center axis X of the sensor
110. However, it is contemplated that the aperture 320 may be
any shape and may be oriented at various angles with respect
to the center axis X.
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The performance of the aperture 320 can be characterized
as the amount of background noise that the aperture excludes.
Any sensory input that is outside the field of view 20 of the
sensor 110 is background noise and is reducing the effective
performance ofthe sensor. An aperture performance factor S
is the ratio of a virtual surface area represented by the inter-
section of a sensor field of view S, and a surface area defined
by the aperture intersection of the shroud surface S. As such:

S=Sg/Sp

It the two surface areas S, and S are coincident, the aperture
performance factor S, equals 1.0 (see FIG. 5). The closer the
aperture performance factor S is to 1 the more efficient the
aperture is because it allows for the entire field of view 20 of
the sensor 110 to pass through the aperture 320, while limit-
ing the amount of noise reaching the sensor. Thus, an aperture
performance factor SA of about 1 provides for optimal sens-
ing capabilities and performance.

Referring now to FIG. 6, the size of the aperture 320 is
reduced, such that portions of the sidewall 306 defining the
aperture 320 block part of the field of view 2@. In this case the
surface area S, of the field of view of the sensor 110 inter-
secting the housing 104 is larger than the surface area S of the
aperture 320 intersecting the shroud 104 at the inner side 304
of the sidewall 306. In such cases, the aperture performance
factor S, is less than one. When the aperture 320 is smaller
than the field of view 2@ of the sensor 110, the field of view
20 subsumes the aperture such that reduced and/or no back-
ground noise passes through the aperture to the dispenser.
Further, it is possible to tune the sensing distance S1 of the
sensor 110 by decreasing the size of the aperture 320, thereby
partially blocking a portion of the field of view 2@ of the
sensor.

As shown in FIG. 7, in some embodiments the size of the
aperture 320 is larger than the field of view 2 of the sensor
110 such that gaps 330 exist between the field of view 20 of
the sensor and the portions of the sidewall 306 defining the
aperture 320. In this case, the field of view surface area S, of
the sensor 110 intersecting the shroud 104 is smaller than the
surface area S of the aperture 320 in the shroud 104, which
provides an aperture performance S , greater than 1. When the
aperture performance S , is greater than 1, the aperture is not
properly shielding the sensor 110, i.e., more background
noise is reaching the sensor 110, thereby decreasing the per-
formance of the sensor.

In an alternative embodiment, in which one example is
depicted in FIG. 8, the sensor 110 and the aperture 320 have
distinctly different shapes. For example, FIG. 8 depicts the
aperture 320 as having a triangular cross-section and the field
of view 20 of the sensor as having a circular cross-section.
However, so long as the surface area S, of the field of view of
the sensor 110 completely subsumes the surface area S ofthe
aperture 320 in the shroud 104 sidewall, the aperture perfor-
mance S, would be optimized to be <1. In other embodi-
ments, one or more of the aperture 320 and the field of view
20 of the sensor 110 may have any geometric shape, includ-
ing a square, a rectangle, a circle, an ellipse, an oval, a poly-
gon, a star shape, etc.

Referring now to FIGS. 9 and 10, it may be seen how the
geometry of the aperture 320 cross-section can effect the
aperture performance factor S ;. Specifically, if an inner sur-
face Si of the aperture 320 is coincident with the surface area
S,- defined by the field of view 2@ of the sensor 110, the
aperture performance factor S, is equal to 1, regardless of
where along the inner surface Si the measurement is taken
(see FIG. 9). In contrast, if the surface Si is not continually
coincident throughout its length with the surface area Sv, then
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the point at which the S, first intersects the surface Si must be
determined and the aperture performance factor S , calculated
from there (see FIG. 10). In this scenario, the aperture per-
formance factor will be <1. It is contemplated that the surface
Si of the aperture could have a linear or non-linear shape.
However, insofar as the S first intersects the inner side 304 of
the sidewall 306 or is coextensive with, or intersects with, the
surface Si, then the aperture performance factor will be <1.

It is contemplated that the portion of the shroud 104 in
which the aperture 320 is disposed may be removable from
the remainder of the shroud 104 or that the entire shroud may
be removable from the dispenser. Preferably, a different
shroud portion or shroud 104 may be provided with a differ-
ently sized aperture 320 and/or an aperture having a different
inner surface Si geometry and/or thickness t. As previously
noted, modifying the size of the aperture 320 alters the sens-
ing range S1 of the dispensing system 100.

It is beneficial to be able to adjust the sensing distance S1
of the sensor 110 so that the dispensing system 100 can be
optimized for the space in which it is located or according to
user preferences. For example, if a dispenser 102 with a
sensor 110 having the capability of detecting input at a dis-
tance of 20 ft is placed in a typical in-home bathroom, the
dispenser may incorrectly detect the presence of a user pass-
ing the dispenser 102 outside of the bathroom, which may
result in an inadvertent activation of the dispenser. Addition-
ally, the sensing distance S1 can be reduced for dispensing
systems 100 located within a vehicle, such that movement
outside of the vehicle does not cause the sensor 110 to inad-
vertently register the sensory input. Conversely, if a dispenser
102 utilizing a sensor 110 with a sensing range of 5 ft is used
in a large room, the sensor may not effectively detect the
presence of a user in the room, unless the user happened to
pass in close proximity to the dispenser. Thus, it is beneficial
to adjust the sensing distance S1 according to the space in
which the dispensing system 100 is located to most efficiently
detect sensory input.

Alternatively, as shown in FIG. 11, if'it is desired to reduce
the sensing capabilities of the dispenser 102, such that the
sensor 110 has a less efficient sensing range or distance S1,
the sensor may be located closer to the sidewall 306. In the
present embodiment, the sensor 110 is shown as being placed
directly adjacent the inner side 304. As the distance h between
the sensor and the sidewall decreases, to the point depicted in
FIG. 11 where the sensor 110 is directly adjacent the sidewall
306, the amount of background noise reaching the sensor
increases, thereby reducing the sensing capabilities of the
sensor.

Referring now to FIG. 12, in an alternative embodiment the
lens cover 220 is not omitted. Rather, the sensor 110 with the
lens cover 220 is disposed within the shroud 104. As dis-
cussed above, the lens cover 220 extends a distance L past the
front focal point 222 of the field of view 2(3 of the sensor 110.
A distal end of the lens cover 220 may be disposed adjacent to
the inner side 304 of the sidewall 306 defining the aperture
320, or the distal end of the lens cover 220 may be located a
distance K from the inner side 304. As the distance K
increases a virtual shield 300 is formed between the distal end
ofthelens cover 220 and the inner side 304 of the sidewall 306
of the shroud 104.

In an alternative embodiment shown in FIG. 13, the side-
wall 306 of the shroud 104 is not perpendicular to the center
axis X of the sensor 110, but rather is disposed at an angle o
from the center axis X. As shown in FIG. 13, when the shroud
104 sidewall 306 is angled the surface area Sv of the field of
view 20 of the sensor defined by the intersection with the
shroud 104 is also disposed at an angle o from the center axis
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X. Additionally, the surface area Ss of the aperture in the
shroud is also disposed at an angle c.. So long as the ratio
between Sgand S,-is <1 the dispensing system will achieve its
greatest sensing capabilities.

The shroud 104 may comprise any shape capable of enclos-
ing the dispenser 102 therein. However, while it is preferred to
provide a shroud 104 that fully, or substantially fully, encap-
sulates the dispenser 102 (see FIGS. 14 and 15), it is contem-
plated that variations may be utilized. Indeed, the shroud 104
may be fashioned to only partially cover the dispenser 102,
insofar as the shroud 104 still exhibits sensory input noise
reduction to the sensor 110. For example, the shroud 104 may
comprise a plate that is provided adjacent the sensor 110 (see
FIG. 16). Alternatively, the shroud 104 may comprise a
curved plate that provides for substantially greater noise
reduction and that extends to a point perpendicular to the axis
X of the sensor 110 (see FIG. 17).

Additional improvements to the sensing capabilities of the
dispensers 102 can be achieved by changing the properties of
the shroud 104 itself. While the shroud 104 provides a virtual
filtering effect between the aperture 320 and the sensor 110, it
was also determined that the material comprising the shroud
104 had a substantial effect on the relative background noise
as well. Specifically, it was determined that background noise
was reaching the sensor 110 because of the relative reflective
nature of the shroud 104 adjacent the aperture 320. Conven-
tional materials used in the manufacturing of the shroud
include thermoplastics, such as polyethylenes, polypropy-
lenes, polyesters, etc. While such materials can have signifi-
cant reflective properties, manufacturing costs and consumer
desires typically require that such materials be used to manu-
facture dispensing systems. With these constraints, the elimi-
nation of background noise while still utilizing preferred light
reflective materials poses a challenge to effective sensory
perception. It has been surprisingly found that certain modi-
fications to colorants used with various shrouds 104 will
realize a reduction in background noise and increased sensory
effectiveness.

Reflectance is dependent on the surface characteristics,
chemical composition, and physical structure of the material.
In the present embodiment, the amount of light that is either
absorbed by the shroud 104 or that is reflected off of the
shroud depends on the chemical composition or microstruc-
ture of the material. As such, the dyes used during the molding
or manufacture of the shroud 104 will change the chemical
composition of the shroud, which will in turn change the
relative reflectance properties of the shroud. Thus, the colo-
rant applied to the shroud 104 significantly impacts the sens-
ing capabilities of the dispenser including the sensing dis-
tance S1 of the sensor 110.

A test 400, shown in the flow chart of FIG. 18, may be
conducted to collect data to determine the improvements to
the sensing capabilities of dispensers in relation to the addi-
tion of a shroud and the addition of shrouds of various colors.
The first step of the test represented as block 402 is the setting
up of the test environment. The test is performed in a room
having a constant lighting of 380 lux and an uninterrupted
target area demarcated by distance lines perpendicular to a
center axis X of the sensor and provided at distances of
between 12 to 20 feet from the sensor. Preferably, the distance
lines are provided every foot, however, the distance lines may
be separated by any interval. The room is large enough so that
the distance lines may completely traverse the viewing angle
20 of the sensor. The first test is run with a conventional prior
art dispenser without a shroud to obtain a baseline in sensing
characteristics.
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The dispenser is then placed within the room (block 404)
on a table located at a height of 3 feet above the floor. A tester
will then position himself at an end of the distance line the
farthest from the dispenser (block 406). Thereafter, the tester
walks the length of the distance line and the dispenser is
observed to see if the sensor registers any change in light
intensity, i.e., movement of the tester. The tester walks the
first distance line five times and the observations are recorded
(see block 408).

Upon completion of the five observations, a query is under-
taken (see block 410) to determine whether the sensor has
registered the tester. In the present example, the distance line
the tester was walking on when the dispenser sensed the
presence of the tester within the viewing angle is recorded as
the sensing distance. [fregistration has occurred at least once,
the tester moves to a query block 412 where a determination
is made if all of the devices have been tested. If all the devices
have been tested, the test 400 is complete (see block 414). If
all of the devices have not been tested, the device is removed
from the housing and put within a different housing (see block
416) and the new device is tested starting at block 404. The
same device is used in each differently colored shroud. If the
query undertaken at block 410 results in no registration hav-
ing occurred, the tester moves to the next distance (see block
418) and starts the procedure at block 406.

The data collected from the test 400 is shown in FIGS.
19-23. As illustrated in FIGS. 19-21, the sensing capabilities
of'a dispenser without a shroud is a sensing distance S1 of 13
feet. The sensing distance S1 of the dispenser is greatly
improved by adding a shroud of any color around the dis-
penser. The improved capabilities translate to the sensor
being effective for sensing distances of about 14 ft to about 20
ft. Alternatively, the improved capabilities may be generally
characterized as an about 7% to about 55% improvement over
the sensing distance S1 of dispensers not having a shroud.

FIG. 22 shows the data collected during the test 400 nor-
malized to show how the specific shroud color impacts the
overall sensing capabilities of the dispensing system. All of
the dispensing systems tested included shrouds having the
same sized apertures, structural design, and materials. The
only difference in the dispensing systems tested was the color
of the shroud enclosing the dispenser. As such, the only dif-
ference in the chemical compositions of the various shrouds
tested were the dyes used to color the housing. Each color has
a specific chemical composition unique to a particular dye.
Many materials are selective in their absorption of white light
frequencies. The frequencies of the spectrum which are not
absorbed are either reflected or transmitted.

As shown in the chart and graph of FIGS. 22 and 23, the
shroud with the best sensing capabilities was the black granite
colored shroud. The dispensing system with the black granite
colored shroud showed a 30.8% improvement in sensor per-
formance from the worst performing dispensing system, i.e.,
the dispensing system with a green blue colored shroud.
Indeed, the testing made clear that several colors resulted in a
reduction in background noise of at least 10% when com-
pared to not using a shroud at all. Further, in a specific
embodiment at least a 30% reduction in background noise
was realized in comparison to not having a shroud.

The results of the testing illustrate how the colored shrouds
with greater reflectivity characteristics realized diminished
sensor effectiveness in comparison with colored shrouds with
less reflective characteristics, i.e., shrouds that absorbed more
light, such as the black granite embodiment. The tests suggest
that significant background noise is created when light is
reflected adjacent the aperture in shrouds that are less light
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absorptive, which negatively impacts the sensors ability to
detect at greater sensing distances.

A test was also conducted to see the relative effects of
changing the lux level to the sensing capabilities of dispensers
in connection with the addition of a shroud. A sandy stone
colored dispenser without a shroud was placed under lights
that were increased in intensity from 8000 lux to 15,000 lux.
The procedure was then repeated for a dispensing system with
a sandy colored shroud. The results of the testing procedure,
shown below in Table 1, illustrate that the dispensers with
shrouds have an increased sensor effectiveness over the same
colored dispenser without the shroud.

TABLE 1

Maximum Detection Distance (feet)

Lux Sandy Stone (No Shroud) Sandy Stone (with Shroud)
8000 2.7 6.7

10000 1.8 5.3

12000 0.7 3.9

15000 0.1 2.5

An additional test was conducted to see the relative effects
of changing the lux level to the sensing capabilities of dis-
pensing systems with different colored shrouds. Several units
were placed under lights that were increased in intensity from
8000 lux to 15,000 lux. It was theorized that the relatively
light colored shrouds would reflect significantly more light
with this testing protocol adjacent the apertures, which would
result in decreased sensor effectiveness. The results of the
testing procedure, shown below in Table 2, illustrate the pre-
dicted result. The more absorptive colored shroud, i.e., the
black speckle embodiment, had the greatest maximum detec-

tion distance because of its greater absorption characteristics.
TABLE 2
Maximum Detection Distance (feet)

Lux Black Speckle Sandy Stone White Speckle
8000 12.4 6.7 3.7

10000 11.4 53 2.6

12000 9.4 3.9 0.9

15000 7.8 25 0.2

The sensing capabilities, i.e., the effective sensing distance
S1 of the sensor can be tailored to specific purposes by merely
changing the color of the shroud. Additionally, if it is pre-
ferred to use a shroud comprising a generally lighter color,
speckling of a darker color can be dispersed within the shroud
to help improve the sensing capabilities of the sensor while
not dramatically changing the overall color of the shroud. In
some embodiments, the speckling dispersed within the
shroud may be made using a dye having a chemical compo-
sition that reduces the reflective nature of the shroud, but is
not visible to the human eye, thereby improving the sensing
capabilities of the sensor without affecting the aesthetics of
the shroud. Further, it is contemplated that instead of chang-
ing the color of the entirety of the shroud, a piece of the shroud
located near the sensor may be constructed of a darker color.
For example, if it was desirable to use a white shroud having
a high reflective nature, a piece of the shroud located nearest
the sensor could be dyed black to reduce the reflective nature
of the shroud nearest the sensor, thereby enhancing the sens-
ing capabilities of the dispensing system without greatly
impacting the overall look of the shroud. Further, the piece of
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the shroud nearest the sensor may be removable and inter-
changeable with other pieces of varying colors, thereby
allowing a user to adjust the sensing capabilities of the dis-
pensing system based on the user’s preference and the envi-
ronment in which the dispensing system is located.

In another embodiment, if it is not feasible or aesthetically
pleasing to change the color of the shroud, an internal lens
cover may be disposed over the sensor to help prevent back-
ground light noise that passes through the shroud from reach-
ing the sensor. In a different embodiment the thickness t of the
shroud sidewall may be increased to decrease the amount of
background noise passing through the shroud to the sensor.
Additionally, as discussed above, a lens cover may be used
around the sensor to prevent background light noise from
reaching the sensor. Alternatively, for devices located in
smaller spaces such a bathroom, shrouds oflighter colors may
be used to allow for a decreased sensing distance S1.

It is beneficial to be able to change the effective sensing
distances of sensors by merely changing the shroud because
manufacturers can create a single dispenser, which may be
transferred to different shrouds for different sensing needs
depending on the environment in which the dispenser is
located. Indeed, it is an intention of the present disclosure to
teach and enable the use of modular systems that allow for
entire shrouds or portions of shrouds to be removed from
dispensers and replaced with other shrouds or portions of
shrouds to be responsive to the demands of users.

Exemplary Embodiment of a Dispensing System

FIGS. 24-28 illustrate one example of a dispensing system
500, which includes a dispenser 502 disposed within a shroud
504. The dispenser 502 is adapted for dispensing the contents
of an aerosol container 506, which may include any fluid,
volatile material, or product known to those of skill in the art.
The dispenser 502 may be one of the devices described in
Carpenter et al. U.S. patent application Ser. No. 11/725,402,
Furner et al. U.S. patent application Ser. No. 13/302,911,
Gasper etal. U.S. patent application Ser. No. 13/607,581, and
Baranowski et al. U.S. patent application Ser. No. 13/607,
581. The dispenser 502 generally includes a housing 508 that
is adapted to receive the aerosol container 506 and batteries
510. The housing 508 also includes an actuator arm 512 and
a button 514. In addition, the dispenser 502 also includes a
controller 516, a motor 518, and a sensor 520, which are
provided within the housing 508 shown schematically in F1G.
25.

Turning now to FIG. 26, the housing 508 of the dispenser
502 comprises a base portion 522, a top portion 524, and first
and second sidewalls 526, 528, respectively, extending
between the base portion 522 and the top portion 524. The
button 514 extends outwardly from the base portion 522 of
the housing 508. An aperture 530 is disposed within the
button 514. The aperture 530 is aligned with the sensor 520.
The button 514 is provided for activating the dispenser 502 to
emit product upon depression of same, wherein the depres-
sion and/or rotation of the button 514 causes a switch (not
shown) to generate a signal and the dispenser 502 to discharge
product during manual activation.

The present embodiment also includes an actuator arm
cover 532 that extends upwardly from the top portion 524 to
cover the actuator arm 512, however, the actuator arm cover
532 may be omitted. As shown in FIG. 26, the actuator arm
512 includes a main portion 534 and an overhang portion 536.
The main portion 534 is coupled to a motor by a drive train
538. The overhang portion 536 of the actuator arm 512
extends from the main portion 534 and is substantially trans-

10

15

20

25

30

35

40

45

50

55

60

65

14

verse to the main portion 534. In a pre-actuation position the
overhang portion 536 is positioned slightly above or just in
contact with a valve stem 540 of the aerosol container 506.
The dispenser 502 discharges product from the container 506
upon occurrence of a particular condition. The condition
could be the manual activation of the dispenser 502 or the
automatic activation of the dispenser 502 in response to an
elapsed time interval or signal from the sensor 520.

Referring to FIGS. 26 and 27, upon the occurrence of a
particular condition, the controller 516 activates the motor
518 to pull the actuator arm 512 downwardly in a direction
that is parallel to a longitudinal axis 542 of the container 506.
Downward movement of the actuator arm 512 depresses the
valve stem 540 of the container 506. Depression of the valve
stem 540 causes product to be released from the container
506, upwardly through a bore 544 in the overhang portion 536
of the actuator arm 512, and exited upwardly from the dis-
pensing system 500 through an aperture 545 in an upper end
of the shroud 504. After product is dispensed from the con-
tainer 506 the motor 518 is activated to move the actuator arm
512 upwardly to a pre-actuation position. As the actuator arm
512 returns to an upward, unactuated position, the force on
the valve stem 540 is removed, thereby closing the valve
assembly within the container 506.

Referring again to FIG. 26, the housing 508 includes two
posts 546 extending outwardly from the actuator arm cover
532. The posts 546 are pivotably attached to hinges (not
shown) in the shroud 504, to retain the dispenser 502 within
the shroud 504. As shown in FIGS. 24 and 27, the shroud 504
is generally tulip-shaped and includes a front portion 550
hingedly attached to a rear portion 552 of the shroud 504 near
abottom end 554 thereof. The front portion 550 is capable of
being rotated to an open position to allow access to the dis-
penser 502 disposed within the shroud 504. The front portion
550 also includes an aperture 556 aligned with the sensor 520
located within the dispenser 502, and a button 558 extending
from a similarly shaped aperture 560 in the front portion 550
of'the shroud 504. The button 558 is aligned with the button
514 located in the base of the housing 508. The buttons 558
and 514 are aligned such that depression of the button 558
located on the shroud 504 depresses the button 514 on the
dispenser 502. In one embodiment, the button 558 and the
aperture 556 are both disposed within a modular portion 562
of the shroud 504, such that the modular portion 562 can be
removed and replaced with a different modular portion 562
having a differently sized aperture 556. Alternatively, the
entire shroud 504 may be removed and replaced with a shroud
504 having a differently sized aperture 556.

Referring now to FIG. 28 the sensor 520 is disposed on the
dispenser 502 such that the front focal point 557 of the field of
view 20 is located a distance h away from the shroud 504,
which in the present embodiment is preferably between about
1 to about 50 millimeters, more preferably between about 15
millimeters to about 20 millimeters, and most preferably
about 17.58 millimeters. The sensor 520 further includes a
lens 564 having a length . of about 1 to about 25 millimeters,
more preferably about 10 millimeters to about 12 millimeters,
and most preferably about 11.38 millimeters. A distance k
defines a virtual shield, which is the difference between the
distance h and the lens length L. The distance k is preferably
about 1 to about 50 millimeters and more preferably between
about 3 to about 10 millimeters. The shroud 504 has a thick-
ness t, which is preferably about 0.5 to about 5 millimeters.
The sensor 520 has a field of view of 2@, which is preferably
between about 5 to about 90 degrees, more preferably 10 to
about 30 degrees, and most preferably about 12.33 degrees. A
central axis X of the sensor 520 is aligned with the aperture
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530 in the button 514 and the aperture 560 in the shroud 504.
In the present embodiment, the aperture 556 is sized so that a
surface area S;of the aperture 556 is coincident with a surface
area S, of the field of view 2@ of the sensor 520. As such, the
aperture 556 performance factor S, is approximately 1 and
the sensing capabilities of the dispensing system 500 are
maximized.

All documents cited in the Detailed Description of the
Invention are, in relevant part, incorporated herein by refer-
ence; the citation of any document is not to be construed as an
admission that it is prior art with respect to the present inven-
tion.

INDUSTRIAL APPLICABILITY

Numerous modifications will be apparent to those skilled
in the art in view of the foregoing description. Accordingly,
this description is to be construed as illustrative only and is
presented for the purpose of enabling those skilled in the art to
make and use what is herein disclosed and to teach the best
mode of carrying out same. The exclusive rights to all modi-
fications which come within the scope of this disclosure are
reserved.

We claim:

1. A dispensing system, comprising:

a dispenser;

at least one sensor including a lens cover disposed around

a portion of the at least one sensor;

a shroud including at least one aperture; and

a gap existing between an inner side of the shroud and a

distal end of the lens cover,

wherein a virtual shield is provided in the gap between the

distal end of the lens cover and the inner side of the
shroud to reduce background noise,

wherein an aperture performance factor S , is defined by the

ratio S ;=S /S, wherein Sis a surface area of the at least
one aperture in the shroud, and wherein S, is a field of
view surface area of the at least one sensor at an inter-
section with the shroud, wherein the field of view is
defined with a viewing angle wherein the sensitivity
drops to 50% of an on-axis sensitivity of the at least one
sensor, and

wherein S  <1.

2. The dispensing system of claim 1, wherein the inner side
of the shroud is coincident with the at least one aperture.

3. The dispensing system of claim 2, wherein the at least
one sensor has a central axis X extending therethrough that
intersects the at least one aperture.

4. The dispensing system of claim 3, wherein a distance
between the input end of the sensor and the at least one
aperture adjacent the inner wall of the shroud is a distance h
about the central axis X.

5. The dispensing system of claim 4, wherein the distance
h is between about 15 to about 20 millimeters.
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6. The dispensing system of claim 5 wherein the lens cover
has a length L. between about 10 to about 12 millimeters.

7. The dispensing system of claim 6, wherein a length of
the virtual shield is the difference between the distance h and
the length L and is between about 3 to about 10 millimeters.

8. A dispensing system, comprising:

a dispenser having at least one sensor; and

a shroud including at least one aperture spaced from the at

least one sensor and a sensory shield disposed around at
least a portion of the at least one sensor, wherein a gap
exists between an inner side of the shroud and a distal
end of the sensory shield,

wherein an aperture performance factor S, is defined by the

ratio S ,=S¢/S,, wherein S is asurface area of the at least
one aperture in the shroud, and wherein S is a field of
view surface area of the at least one sensor at an inter-
section with the shroud, wherein the field of view is
defined with a viewing angle wherein the sensitivity
drops to 50% of an on-axis sensitivity of the at least one
sensor, and

wherein S <1.

9. The dispensing system of claim 8, wherein S =1.

10. The dispensing system of claim 8, wherein S,;>S.

11. The dispensing system of claim 8, wherein the at least
one sensor has a viewing angle J and is spaced a distance h
from the at least one aperture.

12. The dispensing system of claim 11, wherein the at least
one aperture is circular and has a diameter D, wherein D=2
(h*(tan @)) and S ,=1.

13. The dispensing system of claim 11, wherein the at least
one aperture is circular and has a diameter D, and wherein
D<2(h*(tan ©)) and S,>S;.

14. The dispensing system of claim 8, wherein S defines a
circular surface area and S, defines a circular surface area.

15. The dispensing system of claim 8, wherein S defines a
non-circular surface area and S, defines a circular surface
area.

16. A dispensing system, comprising:

a dispenser;

at least one sensor; and

a shroud including at least one aperture,

wherein the shroud is light reflective and includes a colo-

rant that provides a reduction in background noise of at
least about 3% when compared to the shroud having a
red colorant.

17. The dispensing system of claim 16, wherein the shroud
includes a colorant that provides a reduction in background
noise of at least about 15% when compared to the shroud
having the red colorant.

18. The dispensing system of claim 16, wherein the shroud
comprises a thermoplastic material.
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